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polymer electrolyte; a catalyst particles; an electron 
conductive material Which is supported on a proton 
conductive area in the solid polymer electrolyte. 
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SOLID POLYMER ELECTROLYTE 
CATALYST COMPOSITE ELECTRODE, 
ELECTRODE FOR FUEL CELL, AND 
PROCESS FOR PRODUCING THESE 

ELECTRODES 

This is a divisional of application Ser. No. 09/199,822 
?led Nov. 25, 1998, now US. Pat. No. 6,344,291 the 
disclosure of Which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a solid polymer 

electrolyte-catalyst composite electrode, an electrode for a 
fuel cell and a process for producing these electrodes. 

2. Description of the Related Art 
As an electrochemical apparatus having an ion-exchange 

membrane as a solid electrolyte, for example, there are a 
solid polymer type Water electrolysis cell and a solid poly 
mer type fuel cell. 

The solid polymer electrolyte type Water electrolysis cell 
is an apparatus having an ion-exchange membrane, for 
example, such as per?uorosulfonic acid membrane as an 
electrolyte and an anode and a cathode connected to the 
respective side of the ion-exchange membrane Which sup 
plies oxygen from the anode and hydrogen from the cathode 
When DC. voltage is applied across the both electrode While 
the anode is being supplied With Water. 

The electrochemical reactions Which take place on the 
tWo electrodes Will be described beloW. 

Total reaction: H2OQH2+1/2O2 
It can be seen in these reaction formulae that the anode 

reaction proceeds only on a three-phase interface Which 
alloWs the reception of Water as an active material and the 
delivery of oxygen as a product, proton (H") and electron 
(e‘) at the same time While the cathode reaction proceeds 
only on a three-phase interface Which alloWs the reception of 
proton (H") and electron (e‘) and the delivery of hydrogen 
at the same time. 
On the other hand, the solid polymer electrolyte type fuel 

cell is an apparatus having an ion-exchange membrane, for 
example, such as per?uorosulfonic acid membrane as an 
electrolyte and an anode and a cathode connected to the 
respective side of the ion-exchange membrane Which gen 
erates electricity due to electrochemical reaction developed 
by the supply of hydrogen to the anode and oxygen to the 
cathode. 

The electrochemical reactions Which take place on the 
tWo electrodes Will be described beloW. 

Total reaction: H2+1/2O2QH2O 
It can be seen in these reaction formulae that the both 

electrode reactions proceed only on a three-phase interface 
Which alloWs the reception of gas (hydrogen or oxygen) and 
the delivery or reception of proton (H") and electron (e‘) at 
the same time. 
An example of the electrode, used in the apparatus, 

having such a function is a solid polymer electrolyte-catalyst 
composite electrode comprising a solid polymer electrolyte 
and catalyst particles. The structure of this electrode With a 
fuel cell as an example Will be explained. 

FIG. 12 is an explanation vieW shoWing the structure of 
this electrode. This electrode is a porous electrode compris 
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2 
ing catalyst particles 121 and a solid polymer electrolyte 122 
three-dimensionally distributed in admixture and having a 
plurality of pores 123 formed thereinside. The catalyst 
particles form an electron-conductive channel, the solid 
electrolyte forms a proton-conductive channel, and the pore 
forms a channel for the supply and discharge of oxygen, 
hydrogen or Water as product. The three channels are 
three-dimensionally distributed and numerous three-phase 
interfaces Which alloW the reception or delivery of gas, 
proton (H") and electron (e‘) at the same time are formed in 
the electrode, providing sites for electrode reaction. 
Incidentally, reference numeral 124 represents an ion 
exchange membrane. 
The preparation of an electrode having such a structure 

has heretofore been accomplished by the folloWing process. 
There is a process Which comprises applying a paste made 
of catalyst particles and a solution having PTFE particles 
(polytetra?uoro ethylene) dispersed therein to a polymer 
?lm or a carbon electrode substrate of an electro-conductive 
porous material to make a ?lm (normally having a thickness 
of from 3 to 30 pm), heating and drying the ?lm, and then 
applying a solid polymer electrolyte solution to the ?lm so 
that the ?lm is impregnated With the solution. Alternatively, 
there is a process Which comprises applying a paste made of 
catalyst particles thereon, PTFE particles and a solid poly 
mer electrolyte solution to a polymer ?lm or a carbon 
electrode substrate of an electro-conductive porous material 
to make a ?lm (normally having a thickness of from 3 to 30 
pm), and then heating and drying the ?lm. As the solid 
polymer electrolyte solution, there is used a solution 
obtained by dissolving the same composition as the afore 
mentioned ion-exchange membrane in an alcohol. As the 
solution having PTFE particles dispersed therein, there is 
used a solution having PTFE particles having a particle 
diameter of about 0.23 pm dispersed therein. 
The solid polymer electrolyte-catalyst composite elec 

trode comprising metal particles of the platinum group or 
oxide particles of metal of the platinum group as a catalyst 
is used in a Water electrolysis cell or a fuel cell. On the other 
hand, the solid polymer electrolyte-catalyst composite elec 
trode comprising platinum group metal supported on carbon 
as a catalyst is used in a fuel cell. 
The aforementioned solid polymer electrolyte-catalyst 

composite electrode has the folloWing tWo disadvantages. 
One of the tWo disadvantages is that the solid polymer 

electrolyte-catalyst composite electrode has a high resistiv 
ity. The reason of this disadvantage is as folloWs. 
When catalyst particles are mixed With solid polymer 

electrolyte solution to prepare a paste. The catalyst particles 
are covered With solid polymer electrolyte ?lm having no 
electronic conduction and a pore (void) 132 and a solid 
polymer electrolyte 133 exist betWeen catalyst particles 131 
even after ?lm-making process to prepare an electrode. The 
formation of a continuous catalyst particle passage (electro 
conductive channel) is inhibited, though forming a continu 
ous solid electrolyte passage (proton-conductive channel), 
as shoWn in the sectional vieW of electrode of FIG. 13. 
The other disadvantage is that if a solid polymer 

electrolyte-catalyst composite electrode comprising the 
platinum group metal supported on carbon as a catalyst is 
used in an electrode for a fuel cell. The resulting percent 
utiliZation of catalyst supported on carbon is as loW as about 
10% as reported in Edson A. Tichianlli, “J. Electroanal. 
Chem.”, 251, 275 (1998). 

This is caused by the fact that the preparation process of 
supporting catalyst such as platinum on carbon particle, and 
then mixing the carbon particle With a solid polymer elec 
trolyte. 



US 6,576,363 B1 
3 

In other Words, the carbon particles as a support has a 
particle diameter as small as 30 nm. Thus, the carbon 
particle to be mixed With the solid polymer electrolyte has 
an aggregation of a feW carbon particles that gives a carbon 
particle aggregate having a dense unevenness formed on the 
surface thereof. On the other hand, the solid electrolyte 
solution is viscous. Thus, regardless of Which is used the 
process Which comprises impregnating the layer having 
carbon particles and PTFE particles dispersed therein With a 
solid polymer electrolyte solution or the process Which 
comprises the use of a paste obtained by mixing carbon 
particles, PTFE particles and a solid polymer electrolyte 
solution, the solid polymer electrolyte solution cannot pen 
etrate deep into the central portion of the carbon particle 
aggregate. As a result, it is impossible to form a three-phase 
interface in the deep portion of the carbon particle aggregate. 
Accordingly, the catalyst particles disposed in the deep 
portion of the carbon particle aggregate does not take part in 
the electrode reaction to thereby cause decrease of percent 
utiliZation of catalyst. 

The structure of such an electrode is shoWn in FIG. 14. As 
shoWn in FIG. 14, carbon particles 143 having catalyst 
particles 141, 142 supported thereon are aggregated to form 
a carbon particle aggregate (four of the carbon particles are 
shoWn forming the aggregate). Thus, the solid polymer 
electrolyte 144 can not penetrate into the central portion 145 
of the indented portion. Accordingly, a catalyst particle 141 
Which is disposed at the surface of carbon in contact With the 
solid polymer electrolyte to effectively contribute to the 
electrode reaction and a catalyst particle 142 Which does not 
come in contact With the solid polymer electrolyte and thus 
can not effectively contribute to the electrode reaction are 
formed in the catalyst particles. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to decrease resis 
tance of the electrode by adding the electro-conductive 
passage (electro-conductive channel) to the solid polymer 
electrolyte Which has the proton-conductive passage inher 
ently. 

It is another object of the present invention is to improve 
the percent utiliZation of catalyst in the electrode for a fuel 
cell by improving the structure of microscopic three-phase 
boundary of the electrode. 
A porous solid polymer electrolyte-catalyst composite 

electrode according to the present invention comprises: a 
solid polymer electrolyte; catalyst particles; an electro 
conductive material Which is supported on a proton 
conductive region in the solid polymer electrolyte. 
An electrode for a fuel cell, comprises a solid polymer 

electrolyte-catalyst composite electrode containing a solid 
polymer electrolyte, carbon particles and a catalyst material; 
Wherein the catalyst material is supported mainly on the 
surface of the carbon particles in contact With a proton 
conductive passage in the solid polymer electrolyte. 
A process for the preparation of a solid polymer 

electrolyte-catalyst composite electrode, comprises the steps 
of: preparing a porous solid polymer electrolyte-catalyst 
composite electrode parent body comprising a solid polymer 
electrolyte and a catalyst particles; adsorbing a starting 
catalyst material compound into the solid polymer electro 
lyte in the electrode parent body; and reducing the starting 
catalyst material compound so that the catalyst material is 
deposited into the solid polymer electrolyte in the electrode. 
A process for the preparation of an electrode for a fuel 

cell, comprises the steps of: a ?rst step, adsorbing a starting 
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catalyst material compound into the solid polymer electro 
lyte in a mixture including solid polymer electrolyte and 
carbon particle; and a second step, reducing the starting 
material catalyst material compound by chemical reduction. 
In the process, the operation of the ?rst and second steps is 
repeated tWice or more times. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying draWings: 
FIG. 1 is a graph illustrating an I—V characteristics of 

Water electrolysis cells in Example 1; 
FIG. 2 is a graph illustrating an I—V characteristics of 

Water electrolysis cells in Example 2; 
FIG. 3 is a sectional vieW illustrating the structure of 

Example Electrode A; 
FIG. 4 is a schematic diagram illustrating the structure of 

a Water electrolysis cell in Example 2; 
FIG. 5 is a schematic diagram illustrating the structure of 

a titanium plate shoWn in FIG. 4; 
FIG. 6 is a graph illustrating an I—V characteristic of fuel 

cells in Example 3; 
FIG. 7 is a graph illustrating the I—V characteristics of fuel 

cells in Example 4; 
FIG. 8 is a sectional vieW illustrating the structure of 

Example Electrode E; 
FIG. 9 is a schematic diagram illustrating the structure of 

a fuel cell obtained in Example 4; 
FIG. 10 is a graph illustrating the I—V characteristics in 

Example 5; 
FIG. 11 is a conceptional diagram of the state of the 

surface layer of a carbon particle in contact With a solid 
polymer electrolyte in the electrode for a fuel cell according 
to the present invention; 

FIG. 12 is an explanation diagram shoWing the structure 
of a conventional electrode; 

FIG. 13 is a conceptional diagram of the structure of a 
conventional electrode; 

FIG. 14 is a conceptional diagram of the structure of a 
conventional electrode; and 

FIG. 15 is a conceptional diagram of the state of the 
surface layer in a conventional electrode. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Detailed description of the present invention Will be 
described as folloWs referring to the accompanying draW 
ings. 

Firstly, the solid polymer electrolyte-catalyst composite 
electrode according to the present invention Will be 
described. The solid polymer electrolyte-catalyst composite 
electrode according to the present invention contains a solid 
polymer electrolyte and catalyst particles incorporated 
therein as main components. The solid polymer electrolyte 
catalyst composite electrode according to the present inven 
tion has catalyst particles three-dimensionally distributed in 
the solid polymer electrolyte compound therein. The solid 
polymer electrolyte-catalyst composite electrode according 
to the present invention has numerous pores provided 
therein. In this arrangement, an electro-conductive material 
is supported into the ion-conductive region in the solid 
polymer electrolyte. The solid polymer electrolyte-catalyst 
composite electrode according to the present invention can 
be prepared, e.g., by preparing a porous solid polymer 
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electrolyte-catalyst composite electrode main body contain 
ing a solid polymer electrolyte and a catalyst particles in the 
form of ?lm by the foregoing conventional process, and then 
supporting an electro-conductive material on an ion 
conductive region present in the solid polymer electrolyte in 
the electrode main body by an chemical deposition method 
(see Eiichi Torigai, JP-B-58-47471 (The term “JP-B” as 
used herein means an “examined Japanese patent 
publication”), Raymond Liu, “J. Electrochem. Soc.”, 139, 
15 (1992)). Thus, the process in Which an electrode main 
body is prepared and then an electro-conductive material is 
supported on ion-conductive region in solid polymer elec 
trolyte in the electrode main body is simple and desirable. In 
accordance With this process, an electro-conductive 
material, too, can be supported on the inner surface of pores 
in the electrode. Further, a layer made of an electron 
conductive material can be formed on the surface of the 
electrode main body. The supporting of an electro 
conductive material on the inner surface of the pores in the 
electrode makes it possible to further improve the electric 
conductivity of the electrode to advantage. The formation of 
the layer made of an electro-conductive material on the 
surface of the electrode main body makes it possible to 
improve the current correcting or supplying characteristics 
to advantage. 

It is desirable that the solid polymer electrolyte formed of 
an ion exchange resin. Of them, it is more desirable that a 
cation type ion exchange resin from Which it is easy to 
produce the electrolyte having loW resistance. Particularly, 
When it is used in a Water electrolysis cell or a fuel cell, a 
proton type such as a per?uorosulfonic acid type solid 
polymer electrolyte and a styrene-divinyl benZene sulfonic 
acid type solid polymer is more preferable. 

It is thought that if the solid polymer electrolyte is a 
per?uorosulfonic acid type solid polymer electrolyte, the 
proton is conducted through a cluster netWork, formed by 
hydrophilic ion-exchange functional group aggregated 
spherically With Water (diameter: about 40 A) and connected 
by channel (length: about 10 A), dispersed three 
dimensionally in hydrophobic ?uorocarbon backbone. For 
example, ionic conductivity of this solid polymer 
electrolyte, etc. have long been studied and are further 
reported in S. C. Yeo and A. Eisenberg, “J. Apply. Polym. 
Sci.”, 21, 875 (1997), T. D. Gierk. Paper 483 presented at 
The Electrochemical Society Meeting, Atlanta, Ga., Oct. 
9—14, 1997, H. L. Yeger and A. Steck, “J. Electrochem. 
Soc.”, 128, 1880 (1981), Z. Ogumi and T. Kuroe, “J. 
Electrochem. Soc.”, 132. 2601 (1985), etc. From this stand 
point of vieW, the supporting of an electron-conductive 
material in the cluster netWork of solid polymer electrolyte 
in the solid polymer electrolyte-catalyst composite electrode 
makes it possible to form a microscopic and three 
dimensional electro-conductive channel in the electrode that 
provides the electrode With a drastically enhanced electronic 
conductivity, thereby giving good results. 
As the electro-conductive material, there can be used any 

of various materials such as metal, electro-conductive metal 
oxide and electro-conductive polymer compound. It is pref 
erable to use the platinum group metal such as Pt, Ir, Ru, Rh 
and Pd or metal oxide of the platinum group such as IrO2, 
Ir2O3, RuO2, Ru2O3, RhO2, Rh2O3 and PdO, Which have 
excellent chemical stability and act as a catalyst. The sup 
porting of such an electron-conductive material can be 
accomplished, e.g., by an impregnation-reduction method in 
Which a metal ion as a starting material of an electro 
conductive material is adsorbed into a solid polymer 
electrolyte, folloWed reduction. In the case of usage of the 
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6 
platinum group metal as the electron-conductive material, a 
platinum group metal ion is adsorbed into a solid polymer 
electrolyte in the electrode by ion-exchange process and that 
ion is reduced by the borohydride salt solution, the amount 
of the platinum group metal supported in the cluster-netWork 
of solid polymer electrolyte increases With increasing the 
concentration of borohydride salt in the aqueous solution 
(see P. Millet, “J. Appl. Electrochem.”, 25, 233 (1995)). In 
this case, by predetermining the concentration of the boro 
hydride salt in the aqueous solution to not less than 2x10-1 
mol/l, the majority of platinum group metal can be deposited 
in the cluster netWork, making it possible to more effectively 
contribute to the enhancement of microscopic electric con 
duction of the electrode. If an electro-conductive material is 
mainly supported on the ion-conductive region in the solid 
polymer electrolyte, use of hydrogen gas as the reducer for 
platinum group metal ion is preferable. The use of this 
process makes it possible to treat the solid polymer 
electrolyte-catalyst composite electrode parent body in dried 
state and hence inhibit the migration of adsorbed ion during 
reduction process. Accordingly, the electron-conductive 
material can be supported in uniformly all over the ion 
conductive region. In particular, this process is suitable for 
the use of per?uorosulfonic acid type solid polymer elec 
trolyte. 

Examples of the catalyst particle to be incorporated in the 
electrode include carbon particle, metal particle of the 
platinum group metal such as palladium, platinum and 
ruthenium, metal oxide particle of the platinum group, and 
a catalyst element supported on carbon. If necessary, a 
subsidiary component such as polytetra?uoroethylene 
(PTFE) particle may be added With catalyst. 

In the case of using a catalyst element supported on 
carbon particle as the catalyst particle, carbon particle on 
Which catalyst material is previously supported can be used. 
Alternatively, after forming an electrode parent body includ 
ing carbon particle, the catalyst material is supported on the 
surface of the carbon particle simultaneously With When an 
electro-conductive material containing that catalyst material 
is supported at the ion-conductive passage in the solid 
polymer electrolyte. 

For example, by these methods, it can be accomplished 
that the electrode contains the catalyst supported on carbon 
and electro-conductive material, including that catalyst, sup 
ported at ion-conductive passage in the solid polymer elec 
trolyte. Accordingly, it is possible to obtain an electrode 
Which the electric conductivity is high and the utilization 
efficiency of the catalyst is high because the catalyst material 
is supported at a portion Which contacts With the ion 
conductive passage on the surface of carbon particle. 
Therefore, the electrode having such a con?guration is 
preferable. 

The solid polymer electrolyte-catalyst composite elec 
trode according to the present invention can be used in a 
soda electrolysis cell, Water electrolysis cell, fuel cell, etc. If 
it is used in a Water electrolysis cell, the solid polymer 
electrolyte-catalyst composite electrode according to the 
present invention has an current correction in contact With 
the surface thereof. For example, electrodes of the present 
invention are connected to the both sides of an ion-exchange 
membrane as solid polymer electrolyte membrane. The 
current collectors are then provided in contact With the 
surface of the electrode. In this case, as current collectors to 
be used there may be used a material Which is porous enough 
not to inhibit the supply of reactive material such as porous 
sintered titanium and porous sintered carbon Which have 
heretofore been used. In particular, those having a pore 
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diameter of not less than 100 pm are desirable. The current 
collector is preferably ?at on the surface thereof in contact 
With the surface of the electrode to inhibit the formation of 
pinholes into ion-exchange membrane due to its unevenness. 
The material of the current collector is preferably titanium, 
stainless steel or titanium plated With platinum or gold, or 
the like. 

If the solid polymer electrolyte-catalyst composite elec 
trode according to the present invention is used in a fuel cell, 
the electrode of the present invention similarly is made of a 
current collector forming a gas diffusion layer provided in 
contact With the surface thereof. For example, the electrodes 
of the present invention are connected to the both sides of an 
ion-exchange membrane as solid polymer electrolyte mem 
brane. The current collectors are then provided in contact 
With the surface of the electrode. In this case, too, as the 
collector to be used there may be used a material Which is 
porous enough not to inhibit the supply of reactive material 
such as porous sintered titanium and porous sintered carbon 
Which have heretofore been used. In particular, those having 
a pore diameter of not less than 100 pm are desirable. The 
current collector is preferably ?at on the surface thereof in 
contact With the surface of the electrode to inhibit the 
formation of pinholes into the ion-exchange membrane due 
to its unevenness. The material of the current collector is 
preferably titanium, stainless steel, carbon or titanium plated 
With platinum or gold, or the like. 

Next, the description Will be made on an electrode of the 
above described solid polymer electrolyte-catalyst compos 
ite electrode, containing an element of platinum group 
supported on carbon. The electrode having this structure is 
particularly preferable for an electrode of the fuel cell. 

A mixture of a compound consisting of starting material 
of catalyst Which undergoes reduction to produce a catalyst 
material, a solid polymer electrolyte and carbon particles is 
prepared. By a process for the chemical reduction of the 
compound consisting of starting material of catalyst in the 
mixture, it is possible to produce an electrode having a 
catalyst material supported mainly on the surface of carbon 
particle in contact With a solid polymer electrolyte (i.e., 
mainly composed of catalyst particle 141 as shoWn in FIG. 
14). Accordingly, it is possible to enhance the percent of 
utiliZation of catalyst. 

HoWever, it is not enough for enhancement of the percent 
utiliZation of catalyst that studying for three-dimensionally 
dispersion of catalyst supported on carbon and solid polymer 
electrolyte in the electrode from a microscopic structural 
point of vieW. 

In other Words, as reported in H. L. Yeager et al., “J. 
Electrochem. Soc”, 128, 1880, (1981) and Ogumi et al., “J. 
Electrochem. Soc.”, 132, 2601, (1985), a gas (hydrogen or 
oxygen) as a reaction active material and Water as product at 
cathode, not to mention proton, are transported through a 
proton-conductive passage called cluster consisting of a 
hydrophilic ion-exchange functional group aggregated With 
Water in a solid polymer electrolyte. Accordingly, the hydro 
phobic matrix Which consists of a te?on background can not 
form a transportable passage of gas, Water and proton. Thus, 
the inventors considered that the three-phase interface on 
Which the reaction of electrode for a fuel cell proceeds exists 
only on the surface of the carbon particle in contact With the 
proton-conductive passage in the solid polymer electrolyte. 
The inventors further found that the positional relationship 
of the catalyst material With the proton-conductive passage 
and the distribution of the catalyst material in the solid 
polymer electrolyte need to be studied. 
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8 
FIG. 15 is a diagram illustrating the concept of the state 

of the surface layer of carbon particle in contact With a solid 
polymer electrolyte in a conventional electrode. In the 
conventional electrode, as shoWn in FIG. 15, the surface of 
the carbon particle 151 is covered With a solid polymer 
electrolyte composed of a proton-conductive passage 152 
and a te?on backbone 153 and catalyst particles 154, 155 are 
supported on the surface of the carbon particle 151. 
HoWever, it is considered that the catalyst particle 154 is 
disposed in the te?on backbone 153 and thus cannot effec 
tively contribute to electrode reaction While the catalyst 
particle 155 is disposed in the proton-conductive passage 
152 and thus can effectively contribute to the electrode 
reaction. The region A is a region Where a three-phase 
boundary is formed but no catalyst particles are present. 
Thus, this region has no catalyst particles supported thereon 
and does not take part in the electrode reaction. In other 
Words, in such an electrode, the presence of the catalyst 
particle 154 causes the decrease of percent utiliZation of 
catalyst and the presence of the three-phase boundary A 
causes the decrease of the activity of the electrode. 

The structure of an electrode for a fuel cell Which has been 
further improved in order to solve the above problems Will 
be described referring to the draWing. 

FIG. 11 is a diagram illustrating the concept of the state 
of the surface layer of a carbon particle in contact With a 
solid polymer electrolyte in the electrode for a fuel cell 
according to the present invention. The electrode of the 
present invention is a porous electrode containing a catalyst 
and a solid polymer electrolyte. The electrode has an 
electron-conductive channel formed by carbon particles, a 
proton-conductive channel formed by the solid polymer 
electrolyte and a channel for the supply and discharge of 
active material and product formed by numerous pores. As 
shoWn in FIG. 11, the carbon particle 111 covered With a 
solid polymer electrolyte composed of a proton-conductive 
passage 112 and a te?on backbone 113 on the surface layer 
thereof and a catalyst particle 115 supported on the surface 
of the carbon particle 111 in contact With the proton 
conductive passage 112. 

In accordance With the present invention, a catalyst mate 
rial is supported mainly on the surface of the carbon particles 
in contact With the proton-conductive passage as mentioned 
above. In this arrangement, the catalyst is supported mainly 
on a three-phase boundary formed on the surface of the 
carbon particle, thereby enhancing the percent utiliZation of 
catalyst. Further, by supporting the catalyst material on the 
surface of the carbon particle in contact With the proton 
conductive passage at a high percentage, the region AshoWn 
in FIG. 15 can be reduced, making it possible to enhance the 
activity of the electrode. 

Further, as reported in the study by T. D. Gierke et al. (J. 
Membrane Sci., 13, 307 (1983)), the diameter of the cluster 
of proton-conductive passage is about 40 From this 
standpoint of vieW, the average siZe of the catalyst material 
supported on the three-phase boundary is preferably not 
more than 40 A to give a high efficiency, because there is no 
obstruction of the diffusion of Water or gas. 

Moreover, the catalyst material exhibits a great activity 
When it has a proper siZe. From this standpoint of vieW, the 
average siZe of the catalyst material supported on the 
foregoing contact surface preferably falls Within the range of 
from 20 A to 40 A. It is reported in the study by K. Kinoshita 
et al. (J. Electrochem. Soc., 137, 845 (1990)) that the particle 
diameter of platinum particle having a high activity With 
respect to the reduction of oxygen is about 30 
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The catalyst material to be used in the electrode of the 
present invention is preferably the platinum group metal 
such as platinum, rhodium, ruthenium, iridium, palladium 
and osnium or alloy thereof. The solid polymer electrolyte to 
be used in the electrode of the present invention is preferably 
one made of an ion-exchange membrane, more preferably a 
per?uorosulfonic acid or styrene-divinylbenZene-based sul 
fonic acid type solid polymer electrolyte. 

The preparation of such an electrode for a fuel cell of the 
present invention can be accomplished by the process for the 
preparation of an electrode for a fuel cell having the fol 
loWing tWo steps. Namely, in a ?rst step, a compound as 
starting material of catalyst is adsorbed into a solid polymer 
electrolyte in a mixture containing a solid polymer electro 
lyte and carbon particle. In a second step, the starting 
material of catalyst in mixture obtained in the ?rst step is 
reduced by chemical reduction. 

In the preparation process of the present invention, the 
operation of the ?rst and second steps are repeated one or 
more times so that the catalyst material groWs further With 
the catalyst material initially supported on the carbon par 
ticles as a core. The amount of catalyst material supported on 
the catalyst particle is controllable by the number of repeti 
tion. Accordingly, in accordance With the present invention, 
the controlling of the number of repetition of the operation 
of the ?rst and second steps make it possible to prepare an 
electrode for a fuel cell composed of a high activity catalyst 
material having a siZe of from 20 to 40 A supported thereon. 

The preparation process of the present invention has been 
Worked out paying attention to the folloWing facts. Namely, 
?rst, catalyst material is gained by reduction of starting 
materia, adsorbed in solid polymer electrolyte of catalyst. 
Second, the carbon particle exhibits a catalytic activity for 
the reduction reaction of the foregoing compound. Third, by 
the ion exchange process of solid polymer electrolyte, the 
compound as starting material of catalyst can be adsorbed 
preferentially by the proton-conductive passage of solid 
polymer electrolyte. The preparation process of the present 
invention is not limited to the electrode of the present 
invention but can be applied to electrodes for a fuel cell 
having other structures. 

The compound as starting material of catalyst to be used 
in the preparation process of the present invention is a 
compound Which can be reduced to a catalyst material. The 
form or shape of the catalyst material is not speci?cally 
limited so far as the material acts as a catalyst. For example, 
the compound as starting material of catalyst may be one 
Which can be reduced to metallic catalyst particle. Referring 
to the kind of catalyst, those having a high oxygen reduction 
activity or hydrogen reduction activity may be selected. One 
of the compound as starting material preferably used is a 
compound of the platinum group metals such as platinum, 
rhodium, ruthenium, iridium, palladium and osnium. In 
particular, the compound is preferably in the form of metal 
salt or complex, particularly an amine complex represented 
by [M(NH3)4]X2 or [M(NH3)6]X4 (in Which M represents 
one of the platinum group metals and X represents a 
monovalent anion). 

In case of using the metal compound, it may be in the 
form of a mixture of a feW metal compounds or double salt. 
For example, a mixture of a platinum compound and a 
ruthenium compound can be expected to produce a 
platinum-ruthenium alloy When subjected to reduction. 

The carbon particle preferably used is one Which exhibits 
a high activity for the reduction of the compound as starting 
material of catalyst. For example, if a compound of a 
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platinum group metal is used, an acetylene black such as 
Denka Black, Valcan XC-72 and Black Pearl 2000 are 
desirable. 

The mixture composed of carbon particle and solid poly 
mer electrolyte may preferably be in solid form. For 
example, it is prepared in the form of a porous material 
composed of a compound as starting material of catalyst 
dispersed in a parent body including a solid polymer elec 
trolyte in the form of membrane or the like. The use of such 
a porous material is desirable. 

The mixture composed of carbon particles and solid 
polymer electrolyte is preferably prepared by one of the 
folloWing processes. 

(1) The mixture is produced by a process in Which a paste 
composed of carbon particle, a solid polymer electrolyte 
solution, and optionally a solution having a PTFE particle 
dispersed therein are applied to a polymer ?lm to make a 
sheet made from the paste (preferably having a thickness of 
from 3 to 30 pm) Which is then dried. 

(2) The mixture is produced by a process in Which a paste 
composed of carbon particle and a solution having a PTFE 
particle dispersed therein is applied to a polymer ?lm to 
make a sheet made from the paste (preferably having a 
thickness of from 3 to 30 pm) Which is then dried, and then 
a solid polymer electrolyte solution is applied to the sheet so 
that the sheet made from the paste is impregnated With the 
solid polymer electrolyte solution. 

(3) The mixture is produced by a process in Which a paste 
composed of carbon particle, a solid polymer electrolyte 
solution and optionally a solution having a PTFE particle 
dispersed therein is applied to a carbon electrode substrate 
Which is electro-conductive porous material, and then the 
coated material is dried. 

(4) The mixture is produced by a process in Which a paste 
composed of carbon particle and a solution having a PTFE 
particle dispersed therein is applied to a carbon electrode 
substrate Which is electro-conductive porous material, the 
coated material is heated and dried, and a solid polymer 
electrolyte solution is applied to the coated material so that 
the coated material is impregnated With the solid polymer 
electrolyte solution. 

Alternatively, the mixture composed of carbon particle 
and a solid polymer electrolyte solution may be connected to 
both or either surface of the ion-exchange membrane. 

The adsorption of the compound as starting material of 
catalyst at the ?rst step is preferably accomplished by the 
ion-exchange process of a solid polymer electrode such that 
the compound as starting material is preferentially adsorbed 
into the proton-conductive region in the solid polymer 
electrolyte. 
The compound as starting material of catalyst in the 

mixture composed of a compound as starting material of 
catalyst, carbon particle and a solid polymer electrolyte is 
preferably reduced by a chemical reduction method using a 
reducing agent suitable for mass production, particularly gas 
phase reduction method using hydrogen gas or hydrogen 
containing gas or gas phase reduction method using an inert 
gas containing hydraZine as a reducing agent. 

In the reduction process, since the carbon particle exhibits 
a high catalytic activity for reduction reaction of the com 
pound as starting material of catalyst, the compound as 
starting material of catalyst on the surface of the carbon 
particle is reduced in preference to the compound as starting 
material of catalyst in the solid polymer electrolyte. It is 
preferred that the kind of the reducing agent, the reduction 
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pressure, the concentration of the reducing agent, the reduc 
tion time, and the reduction temperature be properly con 
trolled to cause the compound as starting material of catalyst 
on the surface of the carbon particle to be preferentially 
reduced so that a catalyst material is produced mainly on the 
surface of the carbon particle in contact With the solid 
polymer electrolyte. 
By using hydrogen as a reducing agent and controlling the 

reduction temperature, the compound as starting material of 
catalyst on the surface of the carbon particle can be more 
preferentially reduced, making it possible to produce a 
catalyst material mainly on the surface of carbon particle in 
contact With the solid polymer electrolyte. For example, the 
temperature of reduction of platinum amine complex [Pt 
(NH3)4 2+] impregnated into a per?uorosulfonic acid type 
solid polymer electrolyte membrane With hydrogen is about 
300° C., Which is someWhat higher than the decomposition 
temperature (280° C.) of the per?uorosulfonic acid type 
solid polymer electrolyte. HoWever, it is reported that the 
temperature of reduction of [Pt(NH3)42+] adsorbed on the 
surface of carbon particle (Denka Black, Valcan XC-72, 
Black Pearl 2000, etc.) With hydrogen is 180° C. Amine, 
M. MiZuhata, K. Oguro, H. Takenaka, J. Chem. Soc. Fara 
day Trans., 91, 4451 (1995)). In other Words, by effecting 
reduction With hydrogen gas at a temperature of 180° C. 
With Valcan XC-72 as carbon particles and [Pt(NH3)42+] as 
starting material of catalyst, it is made possible to prepare a 
solid polymer electrolyte-catalyst composite electrode con 
sisting of a solid polymer electrolyte, carbon particle and a 
catalyst material, Wherein catalyst material is supported 
mainly on the surface of the carbon particle in contact With 
a proton-conductive passage in the solid polymer electro 
lyte. 

Thus, by selecting a proper starting material of catalyst 
and controlling the temperature of reduction With hydrogen 
gas, it is made possible to prepare a solid polymer 
electrolyte-catalyst composite electrode containing a solid 
polymer electrolyte, carbon particles and a catalyst material, 
in Which catalyst material is supported mainly on the surface 
of the carbon particle in contact With a proton-conductive 
passage in the solid polymer electrolyte. 

The temperature of reduction With hydrogen is preferably 
loWer than the decomposition temperature of the solid 
polymer electrolyte, more preferably loWer than the glass 
transition temperature of the solid polymer electrolyte to 
inhibit the degradation of the solid polymer electrolyte. 
Thus, the carbon particle and the starting material of catalyst 
are preferably selected and combined such that the tempera 
ture of reduction of the starting material of catalyst With 
hydrogen gas is loWer than the decomposition temperature 
or glass transition temperature of the solid polymer electro 
lyte. An electrode for a fuel cell normally consists of a 
per?uorosulfonic acid type solid polymer electrolyte used 
therein. Such a per?uorosulfonic acid type solid polymer 
electrolyte has a decomposition temperature of 280° C. 
Accordingly, the reduction at a temperature of loWer than 
this decomposition temperature makes it possible to inhibit 
the degradation of the solid polymer electrolyte in the 
electrode. 

The starting material of catalyst Which has been left 
unreduced in the solid polymer electrolyte can be extracted 
from the electrode by immersing the electrode into an acidic 
aqueous solution such as hydrochloric acid after reduction 
With hydrogen gas or the like. 

EXAMPLES 

The solid polymer electrolyte-catalyst composite elec 
trode according to the present invention Will be further 
described in the folloWing-examples. 
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Example 1 

A solid polymer electrolyte-catalyst composite electrode 
and a Water electrolysis cell using this electrode Were 
prepared in the folloWing manner. 
An iridium particle as the catalyst and a solid polymer 

electrolyte solution (Na?on solution, produced Aldrich 
Corp.) Were kneaded to prepare a paste. The paste Was 
applied to an ethylene tetra?uoride-propylene hexa?uoride 
copolymer (FEP) ?lm to make a sheet Which Was then 
spontaneously dried. In this state, the Weight ratio of iridium 
particle to solid polymer electrolyte Was 8:92. 

Subsequently, the catalyst layer formed on FEP ?lm Was 
immersed in [Pd(NH3)4]Cl2 solution for 2 hours so that the 
catalyst material Was adsorbed in a cluster netWork of solid 
polymer electrolyte. The catalyst material Was reduced With 
hydrogen at a temperature of from 100° C. to 120° C. under 
a pressure of 30 kg/cm2 so that palladium (Pd) Was sup 
ported on the cluster netWork. The supported amount of 
palladium Was about 2 mg per 1 g of the solid polymer 
electrolyte solution. 
The solid polymer electrolyte-catalyst composite elec 

trode on FEP ?lm thus obtained Was then bonded to both 
sides of a per?uorosulfonic acid type ion-exchange mem 
brane (Na?on-115, produced by Du Pont) at a temperature 
of 130° C. under by hot press and FEP ?lm Was taken aWay 
to prepare an ion-exchange membrane-catalyst electrode 
assembly. The ion-exchange membrane-catalyst electrode 
assembly thus prepared Was then mounted on a Water 
electrolysis cell holder. For comparison, an ion-exchange 
membrane-catalyst electrode assembly having the same 
structure as the ion-exchange membrane-catalyst electrode 
assembly of the present example except that palladium Was 
not supported on the cluster netWork Was mounted on 
another Water electrolysis cell holder. The tWo Water elec 
trolysis cells Were then measured for I—V characteristics. 
The results are set forth in FIG. 1. 

It can be seen in FIG. 1 that the characteristics of the Water 
electrolysis cell using the solid polymer electrolyte-catalyst 
composite electrode obtained according to the present inven 
tion exhibits very excellent characteristics as compared With 
that of the conventional Water electrolysis cell mainly due to 
the reduction of the internal resistance of the electrode as 
made obvious from the gradient of I—V curve. 

Example 2 
(Example Electrode A) 
An iridium particle as the catalyst and a solid polymer 

electrolyte solution (Na?on solution, produced Aldrich 
Corp.) Were kneaded to prepare a paste. The paste Was 
applied to an FEP (ethylene tetra?uoride-propylene 
hexa?uoride copolymer) ?lm to make a sheet Which Was 
then spontaneously dried to prepare a solid polymer 
electrolyte-catalyst composite electrode main body. The 
electrode thus prepared had a square plane (32 mm><32 mm) 
and a thickness of 10 pm. In this state, the Weight ratio of 
iridium particle to solid polymer electrolyte Was 75:25, and 
the content of iridium per unit area Was 1.5 mg per 1 cm2 of 
electrode. Subsequently, the solid polymer electrolyte 
catalyst composite electrode main body formed on FEP ?lm 
Was immersed into [Pd(NH3)4]Cl2 solution for 2 hours so 
that [Pd(NH3)4]2+ Was adsorbed into a cluster netWork of 
solid polymer electrolyte. The catalyst material Was then 
reduced With hydrogen at a temperature of from 100° C. to 
120° C. under a pressure of 30 kg/cm2 so that palladium (Pd) 
Was supported on the cluster netWork. The supported amount 
of palladium Was about 5 mg per 1 g of the solid polymer 
electrolyte solution. 
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The electrode thus prepared Will be hereinafter referred to 
as “Example Electrode A”. 

FIG. 3 is a sectional vieW illustrating the structure of 
Example Electrode A. As shoWn in FIG. 3, the electrode of 
the present example is a porous solid polymer electrolyte 
catalyst composite electrode having numerous pores 34 
(pore diameter of from about 10 pm to 20 pm) formed by a 
solid polymer electrolyte 32 and a catalyst particle 33 as 
iridium particle (average particle diameter: 5 pm) and a 
palladium electron-conductive channel 31 (channel diam 
eter: about 50 formed by supporting palladium in the 
cluster netWork in the solid polymer electrolyte 32. 
(Comparative Electrode C) 

Airidium particle and a solid polymer electrolyte solution 
(Na?on solution, produced Aldrich Corp.) Were kneaded to 
prepare a paste. The paste Was applied to an FEP ?lm to 
make a sheet Which Was then spontaneously dried to prepare 
a solid polymer electrolyte-catalyst composite electrode. 
The electrode thus prepared Will be hereinafter referred to as 
“Comparative Electrode C”. Comparative Electrode C had a 
square shape (32 mm><32 mm) and a thickness of 10 pm. In 
this state, the Weight ratio of iridium particle to solid 
polymer electrolyte Was 75:25, and the content of iridium 
particle per unit area Was 1.5 mg per 1 cm2 of electrode. 
Comparative Electrode C had the same structure as Example 
Electrode A except that no palladium electron-conductive 
channel Was formed. 

Example Electrode A and Comparative Electrode C Were 
then measured for resistivity. As a result, the resistance of 
Electrode A of 0.4><104 mQ-cm While the resistance of 
Comparative Electrode C Was 4.5><104 mQ-cm. 
(Water Electrolysis Cell) 

Example Electrode A and Comparative Electrode C thus 
obtained Were then used to prepare a Water electrolysis cell 
having the folloWing structure. Example Electrode A and 
Comparative Electrode C on FEP ?lm Were each bonded to 
both sides of a per?uorosulfonic acid type ion-exchange 
membrane (Na?on-112, produced by Du Pont) at a tempera 
ture of 130° C. under a hot press and FEP ?lm Was taken 
aWay to prepare an ion-exchange membrane-catalyst elec 
trode assembly Which Was then mounted on a Water elec 
trolysis cell holder. 

FIG. 4 is a schematic diagram illustrating the structure of 
the Water electrolysis cell thus obtained. As shoWn in FIG. 
4, the Water electrolysis cell is composed of an current 
collector 43 provided in contact With an electrode 42 in an 
ion-exchange membrane-catalyst electrode assembly having 
the electrode 42 connected to both sides of an ion-exchange 
membrane 41, a packing 44 provided therearound, and a 
titanium anode plate 45 and a titanium cathode plate 46 
pressured-Welded thereto. The current collector 43 is made 
of a titanium plate (shoWn by the dotted line) and an 
expanded titanium (shoWn by the corrugated line). The 
titanium plate had photoetched holes having a diameter 4) of 
0.7 mm arranged in ZigZag manner at a pitch of 0.95 mm (P: 
60°) in a planar titanium plate having a thickness of 0.15 mm 
as shoWn in FIG. 5 (porosity: 49%). The titanium plate had 
been plated With platinum on both sides thereof to a thick 
ness of 0.15 pm. TWo sheets of expanded titanium Were 
laminated on the titanium plate. 

FIG. 2 illustrates the current-voltage characteristics of 
these Water electrolysis cells. In FIG. 2, the curve Aindicates 
the characteristics of the Water electrolysis cell composed of 
Example Electrode A While the curve C indicates the char 
acteristics of the Water electrolysis cell composed of Com 
parative Electrode C. 

It can be seen in FIG. 2 that the Water electrolysis cell 
composed of Example Electrode A exhibits excellent 
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characteristics, a loWer electrolysis voltage and a higher 
energy conversion efficiency as compared With the Water 
electrolysis cell composed of Comparative Electrode C. This 
is attributed to the fact that the resistance of the electrode is 
reduced due to the microscopic electron-conductive channel 
of Pd formed in the cluster netWork in the electrode of the 
present example. 

Example 3 

A solid polymer electrolyte-catalyst composite electrode 
and a fuel cell using the electrode Were prepared in the 
folloWing manner. 

A carbon particle having 30 Wt % of platinum supported 
thereon and a solution having PTFE dispersed therein Were 
kneaded to make a paste. The paste Was applied to an FEP 
?lm to make a sheet Which Was then heated and dried at a 
temperature of 120° C. for 2 hours. 
The sheet thus obtained Was then alloWed to cool. A 

per?uorosulfonic acid type solid polymer electrolyte 
(Na?on solution, produced Aldrich Corp.) Was then sprayed 
onto the sheet so that the sheet Was impregnated With the 
solid polymer electrolyte. The material Was then spontane 
ously dried. In this state, the Weight ratio of platinum 
supported carbon, PTFE and solid polymer electrolyte Was 
60:22:18. 

The catalyst layer formed on FEP ?lm Was immersed into 
[Pd(NH3)4]Cl2 solution for 2 hours so that the catalyst 
material Was adsorbed by a cluster netWork of solid polymer 
electrolyte. The catalyst material Was reduced With hydro 
gen at a temperature of from 1000 C. to 120° C. under a 
pressure of 30 kg/cm2 so that palladium (Pd) Was supported 
on the cluster netWork. The supported amount of palladium 
Was about 2 mg per 1 g of the solid polymer electrolyte 
solution. 

The solid polymer electrolyte-catalyst composite elec 
trode on FEP ?lm thus obtained Was then bonded to both 
sides of a per?uorosulfonic acid type ion-exchange mem 
brane (Na?on-115, produced by Du Pont) at a temperature 
of 130° C. under a hot press and FEP ?lm Was taken aWay 
to prepare an ion-exchange membrane-catalyst electrode 
assembly. A hydrophobiciZed porous carbon paper as a gas 
diffusion layer Was then similarly connected to both external 
sides of the ion-exchange membrane-catalyst electrode 
assembly by hot press. The laminate thus prepared Was then 
mounted on a fuel cell holder. For comparison, an ion 
exchange membrane-catalyst electrode assembly having the 
same structure as the ion-exchange membrane-catalyst elec 
trode assembly of the present example except that palladium 
Was not supported on the cluster netWork Was mounted on 
another Water fuel cell holder. The tWo fuel cells Were then 
measured for I—V characteristics. The results are set forth in 
FIG. 6. 

It can be seen in FIG. 6 that the characteristics of the fuel 
cell using the solid polymer electrolyte-catalyst composite 
electrode obtained according to the present invention exhib 
its very excellent characteristics as compared With that of the 
conventional Water electrolysis cell mainly due to the reduc 
tion of the internal resistivity of the electrode as made 
obvious from the gradient of I—V curve. 

Example 4 
(Example Electrode E) 
A carbon particles having 30 Wt % of platinum supported 

thereon and a solution having a PTFE particle dispersed 
therein Were kneaded to make a paste. The paste Was applied 
to an ethylene tetra?uoride-propylene hexa?uoride copoly 
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mer (FEP) ?lm to make a sheet Which Was then heated and 
dried at a temperature of 120° C. for 2 hours. Subsequently, 
the sheet Was spontaneously dried. A per?uorosulfonic acid 
type solid polymer electrolyte (Na?on solution, produced 
Aldrich Corp.) Was then sprayed onto the sheet so that the 
sheet Was impregnated With the solid polymer electrolyte to 
prepare a solid polymer electrolyte-catalyst composite elec 
trode main body. The electrode main body Was then spon 
taneously dried. The electrode main body had a square plane 
(32 mm><32 mm) and a thickness of 10 pm. In this state, the 
Weight ratio of platinum-supported carbon, PTFE and solid 
polymer electrolyte Was 60:22:18, and the content of plati 
num per unit area Was 0.1 mg per 1 cm2 of electrode. 

Subsequently, the solid polymer electrolyte-catalyst com 
posite electrode main body formed on FEP ?lm Was 
immersed into [Pd(NH3)4]Cl2 solution for 2 hours so that 
[Pd(NH3)4]Cl2 Was adsorbed into a cluster netWork of solid 
polymer electrolyte. The catalyst material Was then reduced 
With hydrogen at a temperature of from 100° C. to 120° C. 
under a pressure of 30 kg/cm2 so that palladium (Pd) Was 
supported on the cluster netWork. The supported amount of 
palladium Was about 5 mg per 1 g of the solid polymer 
electrolyte solution. 

The electrode thus prepared Will be hereinafter referred to 
as “Example Electrode E”. 

FIG. 8 is a sectional vieW illustrating the structure of 
Example Electrode E. As shoWn in FIG. 8, the electrode of 
the present example is a porous solid polymer electrolyte 
catalyst composite electrode having numerous pores 84 
(pore diameter of from about 5 pm to 20 pm) formed by a 
solid polymer electrolyte 82 and a catalyst particles 83 
formed by a platinum supported on carbon poWder (average 
particle diameter: not more than 0.21 um) and a palladium 
electron-conductive channel 81 (channel diameter: about 50 
A) formed by supporting palladium in the cluster netWork in 
the solid polymer electrolyte 82. 
(Comparative Electrode G) 
A carbon poWder having 30 Wt % of platinum supported 

thereon and a solution having a PTFE particle dispersed 
therein Were kneaded to make a paste. The paste Was applied 
to an ethylene tetra?uoride-propylene hexa?uoride copoly 
mer (FEP) ?lm to make a sheet Which Was then heated and 
dried at a temperature of 120° C. for 2 hours. Subsequently, 
the sheet Was alloWed to cool. Aper?uorosulfonic acid type 
solid polymer electrolyte (Na?on solution, produced Aldrich 
Corp.) Was then sprayed onto the sheet so that the sheet Was 
impregnated With the solid polymer electrolyte to prepare a 
solid polymer electrolyte-catalyst composite electrode main 
body. The electrode main body had a square plane (32 
mm><32 mm) and a thickness of 10 pm. In this state, the 
Weight ratio of platinum-supported carbon, PTFE and solid 
polymer electrolyte Was 60:22:18, and the content of plati 
num per unit area Was 0.1 mg per 1 cm2 of electrode. 
Comparative Electrode E had the same structure as Example 
Electrode E except that no palladium electron-conductive 
channel Was formed. 

Example Electrode E and Comparative Electrode G Were 
then measured for, resistance of electrodes. As a result, 
Example resistance of Electrode E Was 2.5><104 mQ-cm 
While resistance of Comparative Electrode G Was 7.5><104 
mQ-cm. 

(Fuel Cell) 
Example Electrode E and Comparative Electrode G thus 

obtained Were then used to prepare a fuel cell having the 
folloWing structure. In some detail, Example Electrode E 
and Comparative Electrode G on FEP ?lm Were each 
connected to both sides of a per?uorosulfonic acid type 
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ion-exchange membrane (Na?on-112, produced by Du 
Pont) at a temperature of 130° C. under a hot press and FEP 
?lm Was taken aWay to prepare an ion-exchange membrane 
catalyst electrode assembly Which Was then mounted on a 
fuel cell. 

FIG. 9 is a schematic diagram illustrating the structure of 
the fuel cell thus obtained. As shoWn in FIG. 9, the fuel cell 
is composed of a current collector 93 forming a gas diffusion 
layer provided in contact With an electrode 92 in an ion 
exchange membrane-catalyst electrode assembly including 
the electrode 92 bonded to both sides of an ion-exchange 
membrane 91, a packing 94 provided therearound, and a 
graphite positive electrode plate 95 and a graphite negative 
electrode plate 96 pressured-Welded thereto. The current 
collector 93 is composed of a titanium plate (shoWn by the 
dotted line) and an expanded titanium (shoWn by the cor 
rugated line). The titanium plate had photoetched holes 
having a diameter of $0.7 mm arranged in staggered manner 
at a pitch of 0.95 mm (P: 60°) in a planar titanium plate 
having a thickness of 0.15 mm as shoWn in FIG. 5 (porosity: 
49%). The titanium plate had been plated With platinum on 
both sides thereof to a thickness of 0.15 pm. TWo sheets of 
expanded titanium had been laminated on the titanium plate. 

FIG. 7 illustrates the current-voltage characteristics of 
these fuel cells. In FIG. 7, the curve E indicates the char 
acteristics of the fuel cell using Example Electrode E While 
the curve G indicates the characteristics of the fuel cell using 
Comparative Electrode G. 

It can be seen in FIG. 7 that the fuel cell consisting of 
Example Electrode E exhibits excellent characteristics as 
compared With the fuel cell using Comparative Electrode G, 
demonstrating that it exhibits a small loss of operating 
voltage. This is attributed to the fact that the speci?c 
resistance of the electrode is reduced and the resistance of 
the entire fuel cell is kept small due to the microscopic 
electron-conductive channel of palladium (Pd) formed in the 
cluster netWork in the electrode of the present example. 
The electrode for a fuel cell according to the present 

invention Will be further described in the folloWing preferred 
examples. 

Example 5 

A solid polymer electrolyte (5 Wt % solution of Na?on, 
produced Aldrich Corp.), a carbon particle (Valcan XC-72 
(produced by Tanaka KikinZoku, Ltd.)) and a PTFE particle 
(Te?on 30], produced by Mitsui Du Pont Fluorochemical 
Co., Ltd.) Were kneaded to make a paste. The paste Was 
applied to a porous carbon electrode substrate (0.5 mm), and 
then dried at a temperature of 120° C. in a nitrogen atmo 
sphere for 1 hour. 

Subsequently, the foregoing mixture consisting of solid 
polymer electrolyte and carbon particle Which has high 
electro-conductivity Was immersed in [Pt(NH3)4]Cl2 solu 
tion for 2 days to undergo ion exchange so that [Pt(NH3)4]2+ 
Was adsorbed into the proton-conductive passage of solid 
polymer electrolyte. The mixture Was thoroughly Washed 
With puri?ed Water, dried, and then reduced at a temperature 
of 180° C. in a hydrogen atmosphere for about 4 hours so 
that platinum Was supported preferentially on the carbon 
particle in contact With the proton-conductive passage in 
solid polymer electrolyte. Subsequently, the catalyst mate 
rial Was immersed in a 3 mol/l hydrochloric acid solution 
overnight to extract [Pt(NH3)4]Cl2 unreduced. Thus, Elec 
trode I of the present example Was obtained. An analysis 
separately conducted shoWs that the amount of platinum 
supported on Electrode I is about 0.05 mg/cm2. 
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Example 6 
(Example Electrode J) 
A solid polymer electrolyte (5 Wt % solution of Na?on, 

produced Aldrich Corp.), a carbon particle (Valcan XC-72 
(produced by Tanaka KikinZoku and a PTFE particle 
(Te?on. 30J, produced by Mitsui Du Pont Fluorochemical 
Co., Ltd.) Were kneaded to make a paste. The paste Was 
applied to a hydrophobic electro-conductive porous carbon 
electrode substrate (0.5 mm), and then dried at a temperature 
of 120° C. in a nitrogen atmosphere for 1 hour. 

Subsequently, the foregoing mixture consisting of solid 
polymer electrolyte and carbon particle Was immersed in 
[Pt(NH3)4]Cl2 solution for 2 days to undergo ion exchange 
so that [Pt(NH3)4]2+ Was immersed into the proton 
conductive passage of solid polymer electrolyte. The cata 
lyst material Was thoroughly Washed With puri?ed Water, 
dried, and then reduced at a temperature of 180° C. in a 
nitrogen gas containing anhydrous hydraZine (obtained by 
bubbling hydraZine With nitrogen gas) for about 30 minutes 
so that platinum Was supported preferentially on the carbon 
particle and the surface of the solid polymer electrolyte in 
contact With the proton-conductive passage. Subsequently, 
the mixture Was immersed into a 3 mol/l hydrochloric acid 
solution overnight to extract [Pt(NH3)4]Cl2 unreduced. 
Thus, Electrode J of the present example Was obtained. An 
analysis separately conducted shoWs that the amount of 
platinum supported on Electrode J is about 0.05 mg/cm2. 
(Comparative Example Electrode K) 

Aplatinum-supported carbon (produced by Tanaka Kikin 
Zoku K.K.; 10V30E: Valcan XC-72 having 30 Wt % of 
platinum supported thereon), a solid polymer electrolyte (5 
Wt % solution of Na?on, produced Aldrich Corp.) and PTFE 
particle (Te?on 30J, produced by Mitsui Du Pont Fluoro 
chemical Co., Ltd.) Were kneaded to make a paste. The paste 
Was applied to a hydrophobic electro-conductive porous 
carbon electrode substrate (0.5 mm), and then dried at a 
temperature of 120° C. in a nitrogen atmosphere for 1 hour 
to obtain Comparative Electrode K. 

The amount of the platinum-supported carbon to be used 
during the preparation of paste Was properly adjusted such 
that the amount of platinum in Electrode K Was about 1.0 
mg/cm2. 

Example Electrode J and Comparative Electrode K Were 
each connected to both sides of an ion-exchange membrane 
(produced by Du Pont; Na?on, thickness: about 50 pm). 
These assemblies Were each then mounted on a unit fuel cell 
holder to obtain fuel cells J and K. 

FIG. 10 illustrates the current-voltage characteristics 
developed When these cells are supplied With oxygen and 
hydrogen (2 atm., 80° C.). 

It can be seen in FIG. 10 that the cell J according to the 
present invention exhibit a high output voltage in spite of its 
supported amount of platinum as small as not more than 1/10 
of that of the comparative cell K. This is attributed to the fact 
that platinum can be certainly supported on the three-phase 
interface of electrode to give a drastically high percent 
utiliZation of platinum, making it possible to obtain an 
electrode outperforming the conventional cell in spite of 
small supported amount of platinum. 

The solid polymer electrolyte-catalyst composite elec 
trode according to the present invention can provide a solid 
polymer electrolyte-catalyst composite electrode having a 
high electro-conductivity and a small resistance. If the solid 
polymer electrolyte-catalyst composite electrode according 
to the present invention is used in a Water electrolysis cell, 
for example, the resulting Water electrolysis cell can be 
provided With a loWered electrolysis voltage and an 
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enhanced energy efficiency. On the other hand, if the solid 
polymer electrolyte-catalyst composite electrode according 
to the present invention is used in a fuel cell, the resulting 
fuel cell alloWs greater current to be taken out While sup 
pressing the decrease of operating voltage. 

The electrode for a fuel cell of the present invention can 
provide an electrode having a high percent utiliZation of 
catalyst that makes it possible to prepare an inexpensive 
high performance fuel cell. 

In accordance With the process for the preparation of an 
electrode for a fuel cell of the present invention, a catalyst 
material is supported on a three-phase boundary formed on 
the surface layer of carbon particle, making it possible to 
alloW all catalyst materials to effectively act on the three 
phase boundary. This makes it possible to provide the 
electrode With a higher activity, not to mention enhance the 
percent utiliZation of catalyst. This further makes it possible 
to prepare a high efficiency electrode for a fuel cell from a 
small amount of a catalyst material. Thus, an inexpensive 
high performance fuel cell can be prepared. 
What is claimed is: 
1. A process for the preparation of a solid polymer 

electrolyte-catalyst composite electrode, comprising the 
steps of: 

mixing a starting catalyst material compound and a solid 
polymer electrolyte, Wherein the solid polymer elec 
trolyte includes proton-conductive passages and 
backbones, 

folloWed by adsorbing the starting catalyst material com 
pound mainly into the proton-conductive passages by 
ion-exchange betWeen the starting catalyst material 
compound and the solid polymer electrolyte; and 

reducing the starting catalyst material compound so that a 
catalyst material is deposited mainly into the proton 
conductive passages in the electrode. 

2. The process according to claim 1, Wherein the starting 
catalyst material compound is a platinum group metal com 
pound. 

3. The process according to claim 2, Wherein the platinum 
group metal compound is a platinum group metal compound 
ion. 

4. Aprocess for the preparation of an electrode for a fuel 
cell, Wherein said electrode includes carbon particles, a 
catalyst material and a solid polymer electrolyte, Wherein the 
solid polymer electrolyte includes proton-conductive pas 
sages and backbones, comprising the steps of: 

a ?rst step of mixing the solid polymer electrolyte and the 
carbon particles, 

a second step of adsorbing a starting catalyst material 
compound mainly into the proton conductive passages 
by ion-exchange betWeen the starting catalyst material 
compound and the solid polymer electrolyte; and 

a third step of reducing the starting catalyst material 
compound by chemical reduction so that the catalyst 
material is deposited into the solid polymer electrolyte. 

5. The process for the preparation of an electrode for fuel 
cell according to claim 4, Wherein the compound as starting 
material of catalyst comprises a platinum group metal com 
pound. 

6. The process for the preparation of an electrode for fuel 
cell according to claim 5, Wherein the compound as starting 
material of catalyst comprises a complex of the platinum 
group metal. 

7. The process for preparation of an electrode for a fuel 
cell according to claim 5, Wherein the operation of the 
second and third steps is repeated tWice or more times. 
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8. The process for preparation of an electrode for a fuel 
cell according to claim 6, Wherein the operation of the 
second and third steps is repeated tWice or more times. 

9. The process for the preparation of an electrode for fuel 
cell according to claim 4, Wherein the compound as starting 
material of a catalyst is reduced With hydrogen mixed gas in 
the third step. 

10. The process for the preparation of an electrode for fuel 
cell according to claim 9, Wherein the operation of the 
second and third steps is repeated tWice or more times. 

11. The process for the preparation of an electrode for fuel 
cell according to claim 9, Wherein the reduction in the third 
step is carried out With hydrogen gas or hydrogen mixed gas 
at a temperature of not higher than 280° C. 

12. The process for the preparation of an electrode for fuel 
cell according to claim 11, Wherein the operation of the 
second and third steps is repeated tWice or more times. 

13. The process for the preparation of an electrode for fuel 
cell according to claim 4, Wherein the compound as starting 
material of catalyst is reduced With an inert gas containing 
hydraZine in the third step. 
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14. The process for the preparation of an electrode for fuel 

cell according to claim 13, Wherein the operation of the 
second and third steps is repeated tWice or more times. 

15. The process for the preparation of an electrode for fuel 
cell according to claim 4, Wherein the adsorption in the 
second step is an absorption by an ion eXchange process of 
the solid polymer electrolyte. 

16. The process for the preparation of an electrode for fuel 
cell according to claim 15, Wherein the operation of the 
second and third steps is repeated tWice or more times. 

17. The process for the preparation of an electrode for fuel 
cell according to claim 4, Wherein the electrode obtained in 
the third step is immersed in an acidic aqueous solution. 

18. The process for the preparation of an electrode for fuel 
cell according to claim 17, Wherein the operation of the 
second and third steps is repeated tWice or more times. 

19. The process for preparation of an electrode for a fuel 
cell according to claim 4, Wherein the operation of the 
second and third steps is repeated tWice or more times. 

* * * * * 


